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PREFACE. 


A suffici ent account has been ahead v given m the pieface of my 
Diffeiential Calculus'"' of the giadual development of D’ifeiential and 
Integial Calculus m Europe, and also in whose mind the notion of this 
science first aiose in India Theiefoie, heie I only wish to say that the 
learned public may not think it to be a meie ttanslation oi an abstiact of 
some Euiopean book, but as a new tieafcise on the subject I have shown, as 
far as possible, all the impoitant theoiems together witli numeious examples, 
so that the students may be able to grasp the methods thoioughl) and 
theieby solve problems without the least doubt 

Many new methods aie des cubed m diffeient portions of this book, 
which will be found simpler than those of Europeans For instance, Mi 
Tod hunter in lus Integial Calculus, article It, for the integration of 
d v / — - 

~ 7 ~ rrT _ =r assumed J .r ± « 3 = , —a. The same assumption was 

*/ .u dr a~ 


described bj Mt Williamson, Mi Hj meis putting y,;- ± a~ mlo the foi m 

(y'.r 3 dr a 2 ) (a* •+• J x 2 dr a 2 ) 


r 4* J x 2 d= a 2 


deduced the integial 


Piofes^oi De Moigati woiked thus 
Let J x 2 dr tv 2 = y, then x 1 d= a 2 = f. 

.* & x dx s= 2 ij d y or x d r — y d y. 
Theiefore, x d x -J- y d x = y d y + >J d r, 

y ( d y + d x ) 


d «i 


.r + y 


by substituting 


d 


v 



i! ( d y -|- d x ) __ 

y (•*• + y) 


a / a 3 d= y 


o 



ft x -f" d // 
r -p y 


Log (< + y) = Log (.r + ,/ 1 3 dr a 2 ), 


Piofessoi De Morgan deduced a second method of 


employing an imaginary quantity, thu 

d x C d r 



d i 


y f + 
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- also, by 



y.i 3 -h a 3 
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a 
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Sill 
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c/ -- I 


C t y i j 


o 



d i y - 1 


y-u y — (.i-y 


xy 


* i o 

But by De Moivei’s Theorem 

Cos o~ sm 0 yn = r « y^y 


Named Clialana-lvalan, winch is dedicated to His Honor Sir Alfred Lj- all, K 
0 B , C I. E late Lieutenant-Gfovornoi ot the North-Western Piovmces and Chief 
Commissioner of Oudh, and published by the older oi Government m 1886 
Extracts Lrom newspapers and journals 
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01 - 0 / —\ = Log ( Cos 0 - Sm 8 J — i j 

^hTndTtrJatise oI^TthedTffer ential 

CALCULUS A 


OPINIONS OF THE PRESS 

It has long been legietted that, notw'ituslandmg tlic vast amount ot tuition 
constantly given in India an 1 the undoubted intelligence ot the people, that count iv 
has contnbuted nothing to the geneial stock ot Scientific knowledge We ha\e to go 
back a thousand veais to l cat h a penod ot independent scienfcifio lCseuch, and Item 
that l emote time to these a penod oi intellectual stagnation appeals to have super - 
venotl At last that icpi oac h has been lemoved, for a s< linlai h is ansea with suHi- 
cient mental lorce to gi asp the highest pioblems ot both Western and Eastern '-cienoc, 
and with sutficient oiiginabty to weave the two together into an li inn munis system, 
while enticising and improving on both I he book to which wo aie now calling 
attention is Iheiotorc, a icmatkalde one, and calls loi special notice as the lirst loi- 
ward stop which India has made m tins dep.u, tment of study lor centimes Hut the 
chief point to note in the book is that it is wntton n the Hindi language, which not 
only a ft oul s another demonstration ol the mc.easing prominence which that language 
is attaining, but enables the book to give to thousands ol Indian mathematicians who 
are unlamiliar with the English language the means of canyiug then studies to a 
very high point This is a most important fact, because it is well known that a 
scientist is not often at the same time a linguist, still less is it given to mortals to 
gain such powmi ovei a foieign language as to permit them not only to acquire what 
that toieign language has to teach, but to cany on independent leseatoh beyond that 
point The workbeioio us removes that obstacle bv piesonting to Indian s< holms in 
their own vernacular the highest lacts ot Western science The author has iuitliei 
more, had the judgmeut to unite with those hints the leully collect punches ( .l 
ancient Indian mathematicians, and, m this way, he gtalls on to the Indian mind the 
additional lcnowTege ol Europe To do this, it is clear lie had to oi igmate processes 
of his own, for, in a subiecl like the Luffeientiul Calculus, testing on the nicest discn 
munition, oi the reasoning faculty, nioie ttanslatmu ol the ideas ol one people into the 
language of another people would h-w e been simply lutile The millin’ lias ptoved 
himself to possess a masteily knowledge of mathematics by the skill with winch he 
has tianstused— not translated- -European ideas into Indian language, and there can 
be no doubt that his valuable work will give a real impetus to original scientific 
research among Ins countrymen 

It is not generally known that the old Indian mathematician Blniskiacliarya, so 
long ago as A D 1150 had devised a method oi calculation practically identical with 
the Differential Calculus, and the tenn tathahkujati , which he applied to the inclement 
lie used, has much the same significance as that employed in the Differential 
Calculus He was light m his method, but wrong in las proof, and Ins accuracy is 
seen by the fact that lie was able to demonstrate that when a variable attains the 
maximum value its differential vanishes, and that when a planet is either in apogee 
or m perigee the equation ot centre vanishes Ho was aware that the increment 
vanishes in some intermediate position, and irom this the principle of continuous 
function follows in due courso, which is the basis of the proof of Taylor’s theorem 

HHH II* H I **■»> 1 <u ■ ni.ij. ,, . , j_ 4 I . .. ri- . r-- .i n ■ , ^ 

^“Chalana-Kdlana” by Pandit Sudliokaia Devnedi Benares, Lazarus and (Jo., 188b 
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Qg / SJQ 4 | 

Let Sin 9 = ~ / -1“ Cos# =/l -/-7 = -- 7 = 

8 = Sinr..-Z.- 1 or ' Sin - ' 'LZ=±_ 

« y-i « 

Ij0g 1 z 1 + ~r~~(y — 1) 3 3 = ^o£i(* + y jT +y 

where we omit the constant quantity Log 

The learned Pandit makes use of these and other facts to interweave Western with 
Eastern science, and to lead his couutiy-men to move onwa.nl fioni the basis of truth 
they ahoady possess Pandit Sudkakara Dvivodi has done something to advance 
scientific knowledge in India, and it is to be hoped that he will bo encouraged to 
redeem Ins promise and complete a senes of work on Analytical Geometry, tho 

it 

Integral Calculus, and Quaternions The Indian Government would do wisely by 
cn dilating this admnable book among the native students at colleges, and especially 
among pnvato students in tho Hindi area of Noithern India — 77/ e Ova land Mail, 
Feb 4, 1887 

A REALLY lemarkable book on the differential Calculus has just been published 
at Benaies, which ought to be made known to Europe It is called Chalana Kalcma, 
and it is written by Pandit Pudhakara Dvivedi, of the Sanskrit. College, Benaies 

It is the first forward step that India has made in independent scientific research 
m modern tunes , and the author deserves the highest praise for the masterly manner 
in which he has dealt with his difficult subject lie has placed it in the power of 
Indian mathematicians to carry their studies to a very high point in their native 
Hindi , and he has done this not by merely translating an English mathematical 
work, but by writing an entirely new treatise, deduced from the discovenes of Des- 
cartes, Newton, Leibi itz, Bhaskaracharya and otheis The methods of these autho- 
rities are transfused into Indian processes, thereby enabling native scholars to follow 
Western methods and reasoning with confidence and intelligence He utilises a 
method of dealing with variables, devised by Bhaskarachaiya, which is practically 
identical with that of the differential calculus , and he cites other coirect piocesses 
which that admirable old astronomer was able to foimulate In this skilful way the 
author grafts Western science on to the Indian mind , while, in the general plan of 
his work, he follows Todhunter’s well-known tieatise Originality is likewise shown 
by the authoi’s simplification of Todhunter’s method of Heating vanishing fractions ; 
and in the sections he has appended on analjffical geometry and conic sections— addi- 
tions rendered necessary by the fact that no treatise on them exists in the Hindi 
language 

The Pandit promises a series of works on the higher branches of mathematics, 
dealing fully with analytical geometry, the integral calculus, and quaternions He 
has shown m the present work that he thoroughly understands his subject , and it is 
to be hoped, for the advancement of science, that he will succeed in directing the 
acute reasoning powers of Indians to the mathematical and scientific problems of the 
Western world — The Academy Feb 12, i887. F P 

In view of the aptitude for numerical calculation which the Hindus are acknow- 
ledged to possess in a marked degree, it seems singular that India, m modern days, 
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All the above a- ( *mnpt;ions tint ate de-oi ibnl b\ the mat hem itiotans 
can harrllv be nppieliendod imle*-^ it is known that 
(l i 




fj \ i 


tr 


Loo ± „') 


Therefoie I have de^enbod a new method m aiticdo d, tlm 


Let 



(1 \ 


L 


02 


\ 


f ( > ) 

foim of f ( i ) is to be found. 


} ... 


j // + /* ( i ) * wIm-mp // is a function of r, 


by dilfeientiatmo' the above equation with lespect to t 
(l i __ l r {[ )di d~ ( h/ 

/( 1 ) / M +'/ 

/ ( i ) d i + i/d i ~f\ i) f\ ( V (• + / 1 i )d// 
b} T transposing 

/ ( 0 d r — / ( i)d//= ) / (i ) [[di ~ di/[ ■= / {,v)f ( >r ) dt -yi/a 

K [ / ( t-) !' ( 1 1 y ! d i 

bv division 




d i (1 r — rf u (1 i— d y 

^4. ^ ^ fctan* _ _ ^ _ * 

fx /(i)/'U)~y t— y 

and specially duimg the peiiod in which it has been subject to tlioAEnghsb, with then’ 
fLee-banded educational encouragement, should have contributed so little to the 
development ot mathematical science It was not defined, howevei, that Bhuskaiu- 
char\ a, Brahmagupta, and their compeeis of ages far remote should he wholly 
without then nineteenth century successor Ramachandra, a native ol Delhi, besides 
tianslating mimeious woiks on mathematu.s, including the highoi, horn English into 
Urdu produced, a geneiation ago, at least one wmk m the same language, distinguish- 
ed bv accredited originalitv Hotel once i, hero intended to his Pi obloms of Maxima 
and Minima the second edition of which, ptelaced by the late Prof Do Moigan 
was published m London in lf'.'il), undei the .uis|)iccs ot the (’unit of Dn odors who 
signified their appreciation ot it by piesentuig its autluu with £200, after their liberal 
fashion And now we have to announce the apj eat atuo last yeai, of a kindred tieatise, 

but one of much amplei scope, 'Ohdlana-kalana; healing the alternative title ol “A 

Hindi Treatise on the Diiteiontial Calculus ” Tina admirably punted volume, extend- 
ing to nearly 500 pages, has foi its author Pandit Sudhakara Dvivech, Librarian ot the 
Sanskrit College at Berimes The learned Pandit, already favourably known as a 
mathematician bv what he has written, in Sanskrit, on the pioperties of the ellipse 
lays claim to the introduction of many new methods, over and above demonstrating 
the validity ot a certain method which had previously been pronounced unsound. In 

an English preface, abounding with interesting facts and cntieisms, he gives it as his 
opinion that Bhaskaracharya, who, though he flourished in the twelfth century, is 
supposed to have been indebted for nothing to European sou l cos, u vvas in no way 
inferior to Archimedes, in respect of his methods of differential calculus.” As the 
Panlit expi esses himself with perfect clearness in our language, it is due to his ie~ 
putation that he should render into it those portions of his treatise in which, as he 

alleges, he has improved on what has been accomplished by his predecessors Mr 

Todhunter and Mr Ilall, in particular —77m Nation Feb 10,1887, 
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if fM f 

d x — d ?/ / r/ r 


1 — 1/ 


,% T — ?y = / (;i ) 4- ij or ?/ 


^r— ^ i e. Log (x - y) = Log 

X — f(v) an( j f' X T — _ f 


d x 
fix) 


Log < f ( X ) + 1/ 


f (r) 4* i 


-Log ^ ,T ] | = Log ^ f (r) 4* 1 1 , 

wheie the constant Log 2 is omitted. 

Thus a theoiem has been flamed that when f (x] X /' (c) = x then 

I — 7 T ( -f f _1_ 


f d r 

j ru: 


In 


— = Log jf(x)+rj, 

of x / v / 

' /— 7 - — -? f ( 0 — v 

t/ x^dtcr 


/' (x) =- 7 ===and/’ (i) f (r) = ,r 

/ ^ s' i * 

^ t<L * L i * U 


r ij r 

“J fU’)”J 


. 1 - Ai 

c/ 1 


<v /.l"dbcr' 


Log j f (i) + ,x 


Log by my method. 


In like manner many other new methods have been described. 

I have added many impoitant theoiems with numerous interesting 
examples regarding the Calculus of Vanation and Dynamics of a Paiticle at 
the end of this book. 


It is advisable for the beginners fit st to read eaiefully the Differential 
Calculus, then to begin the Integral Calculus, otherwise it is impossible for 
them to understand the latter 


In conclusion, I earnestly lequest all learned gentlemen to under- 
stand, that the book is not written to show off talent, but to encourage 
and incite om own countrymen towaids the cultivation of Western science. 
Why should we not improve our own language and advance our own 
countiymen with the aid of Western science to the attainment of which 
we aie applying our heart and soul ? 

Now-a-days theie being more mutual communication between Euio- 
peans and Indians, the Euiopeans are very much mteiested in the study of 
Sanskrit and Hindi. Therefoie this treatise will be also useful to those 


Europeans who are inteiested in the history and development of Indian 
Mathematics. 


I shall consider my labour not to have been in vain, even if my 
treatise should have no othei lesulfc than to incite otheis to criticise my 
work and to produce moie peifect fcieatises on the subject. 

sudhAkaka DVTVEDI 
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